Background: the central tenet of the neurofacilitatory approach to stroke therapy is that muscle tone needs to be normal before normal movement can occur. A reliable clinical measure of the full spectrum of muscle tone is needed to test: (i) the purported relationship between muscle tone, other motor impairments and disability, and (ii) the effectiveness of stroke therapy to restore movement. Aim: the purpose of the study was to test the inter-rater reliability of clinical categorization of muscle tone (spastic/normal/flaccid) and also a visual analogue scale with anchor points of 'lowest tone possible' (score 0) and 'highest tone possible' (score 100). Methods: four independent raters assessed tone of elbow flexors and knee extensors of 14 stroke rehabilitation inpatients using the categorical scale. Six independent raters assessed tone of elbow flexors and knee extensors of 25 chronic stroke patients and two healthy volunteers using the visual analogue scale. All assessment orders were randomized. Results: both scales were unreliable, with k coefficients for the categorical scale ranging from -0.046 to 0.56 for the categorical scale, and intra-class correlation coefficients for the visual analogue scale of 0.595 for elbow flexors and 0.451 for knee extensors. Assessment order effects for the visual analogue scale were non-significant for elbow flexors (P ¼ 0.545) and knee extensors (P ¼ 0.911). Conclusions: these results, and those of earlier studies, suggest that clinical measures of muscle tone are consistently unreliable. Systematic investigation of the therapy rationale for planning and evaluating treatment is required before relevant clinical measures can be developed.
Introduction
Many therapists believe that after stroke, abnormal muscle tone underlies or accentuates other motor impairments [1, 2] . Consequently, normalization of muscle tone is seen as a prerequisite to restoring functional ability [1, 2] , with most therapists emphasizing the need to monitor response to treatment by quantifying the degree of spasticity [3] . Therapists also use muscle tone to categorize patients and plan treatment programmes. Despite this clinical emphasis, the purported relationship between muscle tone, other motor impairments and disability is questionable [4] and requires testing. Systematic testing is also required to evaluate the effects of therapy treatment on muscle tone. However, research is hampered by the lack of valid and reliable clinical measures of the full spectrum of muscle tone observed after stroke.
The most widely quoted clinical measure of muscle tone is the modified Ashworth scale [5] but this does not measure low tone and has doubtful reliability. Studies have either used correlation coefficients rather than reliability coefficients [5, 6] or have reported unacceptable coefficients of reliability such as 0.397 [7] and 0.20-0.62 [8] . Also, the Ashworth Scale [9] does not measure low tone and has either been shown to have poor reliability, with reported coefficients of reliability of 0.21-0.61 [8] , or has been examined using inappropriate statistics [10, 11] . Clinical categorical scales do include low tone (flaccid/normal/ spastic) but reliability data are lacking [12, 13] .
This study tested two main hypotheses: 1. That a three-category assessment of muscle tone (flaccid/normal/spastic) has inter-rater reliability; 2. That a 100-mm vertical visual analogue scale (VAS), with anchor points at the top and bottom for high and low muscle tone respectively, has inter-rater reliability.
A subsidiary hypothesis-related to the belief that handling stroke patients itself alters tone-also tested is that measurement of muscle tone following stroke is affected by the number of preceding assessments.
Method
We obtained local ethical committee approval for this study and all subjects gave informed consent.
All subjects met the following study criteria: (i) they had sustained a unilateral hemispheric stroke; (ii) there was no other pathology which might have affected the assessment of muscle tone e.g. Parkinson's disease; and (iii) they had abstained from alcohol, tobacco and caffeine for 2 h before testing.
All subjects wore comfortable clothing, and the ambient temperature was constant. Muscle groups assessed were the elbow flexors and knee extensors. The assessment procedure was not standardized, as previous studies using standardization have found poor reliability [5, 6, 8, 10] . Clinicians were requested to use whatever method of assessment they would normally use clinically, with the instruction that subjects were to remain in the starting position of either sitting or lying.
Inter-rater reliability of a three-category assessment of muscle tone
The subjects in the first phase of the project were 14 stroke rehabilitation inpatients. The group encompassed, in the judgement of the ward physiotherapist (independent of this research project), a range of muscle tone (increased, decreased and normal) in the hemiplegic side. Assessment was undertaken by four independent raters, two physicians and two physiotherapists.
The starting position for each subject for each assessment was supine lying on a hospital bed, the arm alongside the trunk or supported on the body/ pillow, and legs extended or supported on a pillow.
Each subject was assessed by all four raters within one 20-min period. The order of presentation of subjects to the raters was randomized using a Latin square design and each subject was screened by the bed curtains. Subjects were asked not to talk to the raters and to remain lying supine between raters. Raters independently recorded the muscle tone of both elbow flexors and both knee extensors as flaccid, normal or spastic. No indication was given to raters as to which was the subject's affected side.
We calculated inter-rater reliability using percentage agreement and the k coefficient [14] .
Inter-rater reliability of a VAS measure of muscle tone
In phase 2 the subjects were 25 stroke patients and two healthy volunteers (to ensure that 'normality' was included). Additional criteria for inclusion in this phase of the study were: (i) having sustained a stroke more than 6 months before the start of the study (except for the two healthy volunteers); (ii) living at home; (iii) being able to sit safely and comfortably on an upright chair without armrests for 30 min; and (iv) not taking medication with a known effect on muscle tone.
The six independent raters were physiotherapists with experience in neurorehabilitation from five different hospitals.
The measurement tool was a 100-mm vertical VAS with anchor points of 'lowest tone possible' (score 0) and 'highest tone possible' (score 100). Raters marked the VAS with a cross. The score was taken at the point where the centre of the cross transected the VAS line. If the centre of the cross was 'off-line' a horizontal line was projected from the centre of the cross to the VAS line.
All subjects attended for assessment on the same afternoon, six subjects for each of the five appointments. Within each appointment, the subjects were presented to the six independent raters in a random order using a Latin square design.
The starting position for each assessment was sitting with upright spine, legs uncrossed, feet on the floor and both arms relaxed with hands resting on the lap. Each rater assessed the muscle tone of each subject's elbow flexors and then knee extensors.
We analysed the data using maximum likelihood regression models appropriate for a Latin square design. We used a simple additive model to estimate the effects of subject assessment order and rater order. Only 27 subjects (25 stroke patients and two healthy volunteers) were able to participate, although the study randomization was balanced for 30 subjects. A detailed analysis of the likely effect of this small design imbalance was performed and we found that the effects on the Latin square analysis were negligible, so only the results of the first analysis are reported. The VAS scores for both elbow and knee muscle tone tended to cluster around the middle of the scale and were found to follow approximate statistically normal distributions and so were analysed untransformed. Table 1 shows each rating pair's percentage agreement and k coefficient with the average k for elbows and knees. Table 2 summarizes the elbow flexor VAS muscle tone scores by rater and by assessment order. The overall score average was 60.2 (SD 19.9). There were clear differences between the raters, though the scores tended to cluster at just above the centre of the scale for all raters (P ¼ 0.040). The VAS scores tended to increase with successive assessments, but the trend was not statistically significant (P ¼ 0.545). The intraclass correlation coefficient for these scores (ignoring order effects) was 0.595. Table 3 summarizes the knee extensor VAS muscle tone scores by rater and by assessment order. The overall score average was 54.5 (SD 17.0). There were clear differences between the raters, similar to (and statistically slightly stronger than) those at the elbow but with the averages now spanning the centre of the scale (P ¼ 0.012). No effect of assessment order was detected for the knee muscle tone scores (P ¼ 0.911). The intra-class correlation coefficient for these scores (ignoring order effects) was 0.451.
Results

Categorical scale
VAS scale
The major factor reducing the reliability level was a systematic variation between raters: although numerically not huge, the differences observed were sufficiently consistent to achieve statistical significance despite the relatively modest sample size. The (pooled) within-subject standard deviations for the elbow and knee scores were 12.4 and 12.3 respectively, suggesting that scores from two different raters of the same patient could differ by as much as 25 mm in either direction.
Close scrutiny of the raw data suggests that raters agreed relatively closely for some subjects, but differed considerably for others, even for the two normal subjects, for whom ranges for the elbow were 36-64 and 58-62 and for the knee were 28-61 and 53-72.
Discussion
Both the categorical scale (used in normal clinical practice) and the VAS were found to have poor reliability. Although disagreement on categorical scoring could have been related to difficulty around category thresholds, it was also found with the linear VAS. The poor reliability coefficients found in this study are comparable to those found in earlier studies [7, 8] .
Taken together these studies have tested (i) experienced clinicians measuring tone with their usual procedures and with standardized procedures; (ii) raters who were or were not given training in the use of the scale; (iii) category scales with and without specific descriptors of named categories; and (iv) a variety of testing postures.
Whatever approach has been taken, the results suggest that clinical measures of muscle tone are unreliable.
Clinical experience suggests that muscle tone is difficult to measure because it varies with factors such as recovery stage, time of day, posture, previous handling and activity. Both phases of this study were designed to minimize these confounding factors. Even so, it was still possible that the inter-rater variability found with the categorical scale might have been due to fluctuations in tone due to previous handling. However, the order effects found for the VAS were almost negligible (Tables 2 and 3 ). The ability of subjects to relax during passive movement is also believed to affect muscle tone measurement. It was interesting that, even though raters were experienced in neurorehabilitation, obvious differences were found between them in their assessment of the two healthy volunteers. This suggests that even the measurement made by experienced clinicians could be influenced by the patient's ability to relax. Alternatively, identification of 'normal tone' could be difficult, as there may be two groups of normal individuals: those whose resting muscle tone is mostly dependent on the viscoelastic properties of muscles and those whose resting muscle tone is strongly influenced by reflex responses [15] .
These results suggest that differences between raters may be more important than variation in muscle tone (Tables 2 and 3) . Rater bias has also been recorded for clinical measurement of rigidity in Parkinson's disease when simultaneous mechanical measures of impedance were made [16] . It is possible that training in the assessment of tone may have diminished variability, but a previous study in which up to 2 months of training was given did not improve inter-rater agreement [7] .
The repeated finding of poor reliability raises questions about the use of the clinical assessment of muscle tone as the central focus for stroke therapy. Although it is possible that therapists might agree on the amount of change in tone, if patients cannot be placed reliably into categories how can (i) the type of muscle tone guide the treatment provided and (ii) the effect of treatment on modifying tone towards normal be evaluated? The observation that therapists may not even agree on the identification of normal muscle tone gives further food for thought, as neurofacilitatory therapy, which commands wide consensus, aims to restore normality. The results of this study point to the possibility that patients with the same clinical characteristics might be categorized differently by different therapists and could therefore receive different treatments for the same problems.
Alternatively the approach taken in this and previous studies of restricting assessment to handling (resistance to passive movement) may be regarded as an artificial constraint, as therapists include aspects of posture and movement in assessment [13] . For example, a study of the effects of self-propulsion in a wheelchair used photographs of the posture of the hemiplegic limbs for physiotherapists to measure spasticity [17] and another study suggested that spasticity could be measured by determining the distance between skeletal points [18] . Focus groups, interviews and observational studies may be appropriate methodologies to investigate whether therapists are implicitly including other characteristics of motor function in their clinical assessment of 'muscle tone'. An answer to this question would guide the way to the development of relevant clinical measures to evaluate therapy treatment and also test the purported relationship between abnormal tone and other impairments/disabilities.
Key points
• Clinical measures of muscle tone are consistently unreliable.
• The results of this and earlier studies question the validity of using clinical measures of muscle tone to characterize stroke patients, guide therapy and evaluate the effectiveness of treatment. 
